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fk * %%.%r a Hl$%r '• Polyacrylonitrile block copolymer and method for 

producing the same) 

After polyester is produced by ionic 
polymerization, the terminal group of the 
polyester is halogenated to form a macro i n i t i a tor . 
The macroiriitiator react s with acrylonitrile or 
its derivatives by controlled radical 
polymerization to produce polyacrylonitrile block 
copolymer with narrow molecular weight 
istribution. 
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V**!** (2) 

m to #r *I & « & ft 4fc • « A « * Jt £ & # ft «t M £ * # W| 

ftft**JW (polyacrylonitrile 'PAN) A. - # f 4 # 

$ * 4b ft ^ # *4 » * # £ 9 4* « '14 f • *l *» & 
IL *t * - $ # & * «t 4b <& a A & # 6*1 4a & <& & jft 
PAN ■*ra4fe&4±f4&#'£4fe*i*JK (polyester 

) & £ • # ft JR. % $ M to A ffl # -ft • # *» ft A 4a & #| * a 

it * 4a & $ # -f tt *> P AN & ft ft ^ ^ M # Ml 3 % # ; ft 
% ft ft ft ' a Mi 3 ^ |fc * 4a & 6*i * A # *oTi0 2 ^ ^ ft *r f 
*» * « t » jK. # A » * #J ' « *t it 4h f ^ IS) to |A £ * • 
% ft -f f .fr # W * -ft & 4k & ft 'Ha H t it fi- d # # ?'J « 0 -jft 
4- ft & . # * 4& ' « -A . « it t # tt * 4 t # *4 * *» ft ■ 4fe 4ft 

it f . ft ft m (acryloni tri 1 e ) & 4k & ft 4Hrtt.il ft 
* & 0, & ft 4k to /< & to & * & ft * * M # -ft w 
(chain transfer agent ) # £ T # li * 4 * ^ * I* ft 
-f- ft ^ & (ionic polymerization) # ° 

«■ ft 4k to a ft g * & flt ^ * « f • .*» 8 * * ** * 
07018517 ft t 4^ - ft ^ ^ W (acrylonitrile ) ft 
St 1. (aery late ) &j 4k 4k & ft 4fe • 0 ^ K 0 720 71 08 ft 
t 41 ^ — ft ft ^ (acrylonitrile) ^ ^> >Wp ■--( s ty rene 
) 6^ 4k 4k & ft « ' *b * 

Jt ' ^^H*t*ttt*J ' J-^^ft^^^^^^ti§ 

f% • <fe -fb ^ ^ • 
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3L &HtSLW (3) 

n n # # m # & r # a a & * ^ * -r »*•*■ 4 i^r 

*32629'95 ft (acryloni tri le ) 

^ (styrene ) 60 & «. # * 4fc ■ 0 #591 891 1 2 ft t 

& 7F - ft ^ If ^ 6 .i* * IS '(vinyl ■ ester ) 60 & «. & & 

& ♦ • a « a * m # % y > -f * * ^ # * # f t • 

«-|**-f***fclr * **DD 232056 t # * - tt ft # 
M ( aery loni tri le) ^ ft & & ( aery 1 ate ) 60 & & & 

• DD 154491 t $ Tit - a ft ffif (acryloni tri le ) 
& ^ (styrene ) 60 & -ft * #J , • Mftit&rtttfjBLM 
ilk # # f ft f • -*tMi*£4&*JL <6 * « jfc 60 He # T it 
4t ' it JL * ft # St (acryloni tri le ) i. H i (cyano 
group ) 60 # £ ' ff- $> 5>J & M ft & M & ¥f W ' « & * # 

• ^ * * * ^ * fr-Ht .ft"*#*#*Jfc«*J • *-|tt.jt 
ft * #J 49 * # H 3 #r # 60 ft If ( acryloni tri le ) #o 

* JB & & # * 4fr £vj& • i*t*JtitfJ*^f tl^ 

* f * ^ # w *r & <t • 

it & * *. ' (control led 

radical polymerization ) - ^ # # i & & ^ ^ (atom 
transfer radical polymerization » ATRP ) ifc 31 ' & i£ 
$*fe**l*4*£*4l**-' T * A «E « A g & & & ^ 

* It tt * ^ BL M ' fc*frf-t*fr-ftfr#***fc*IS 
*l • is. & n ft ^ If ( aery loni tr i le ) 60 & ^ & Jg ffij 
f ' i* % Ob # £ tt £ & $ » #ft*£*fcte&k f'J ^ 

t ' J- & £ *& & (terminal group) & ft % # t & • t 
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3L*#Wt€W (4) _ , 

It 4 * "# # * * * * * * * » * ' a # * t ^ & * 

.jfif & (nitrile group) i& & JL ( su 1 f ony 1 chloride) 
#j & & #i 4*2- $ & 6 (2-bromopropionitri le ) * 2- |L 
ft ZL. & ( 2- chloropropioni tri le ) ( Oaty j aszewsk i 
# A 41 £ ^Macromolecules » 1 997 > 30 '63981) &4- ¥ 
& & & & 3£ ft (4-methoxy benzene sulfonyl 
chloride) ( JLUSP58861 1 8 ) ^&#&#i5*$J|f£^^#j 
fr.-f t ^ # & f'J ^ * ««A«1.5) • ^ A it & & * 

#'J ^ -3- it ° # ?h ' Matyjaszewski (Polymer 
preprint, 37, 272, 1996) * A f it ffl Br- [ PEHA ] -Br > 
Br- [ PBA ] -Br ffc £ & ( macromo 1 ecu 1 ar initiator) 
« * ❖ * # ' 4a & * /if & # £ ^ 4fe .fr -f * # *. t & 
(PDI>3. 6 ) » * * tfi # *t 4l 4 » t 

*j & f * fi(r 4£ £ *l * • 

[ # & ] 

i * ft 61 (polyester) ft % E & #J 
( macro i n i t i a tor ) • it -ft *f If (acrylonitrile 'AN 

) * * # * a * & * * * ( ATRP ) - al#f f 
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JL * &WVLW (5) 

*• # w m h - a # £ ^ n & - & « & ill ^ * ^ * ^fP 

* si ( % 6 fii • pcl ) • At * ei * ja *r & & & IK t 

$ ift ^ # E ^ (macromolecular ) » $ & 

# a * ttfrib *. * #'Ji *f i 4fe 

— A-(B) m — 
& * ' 

a & # r h j* m & ■ 

v ii i 

Y — c— c— 

& t Y ^ ft * *. *&0H & * 61 & « • Rj H'Rj 4 E 4 — 
& > * & * % % & > £ * * JR «. * (aminoalkyl ) > 
*fe« & (alkylamino ) • «t |L & * * H & # & f : 

B ?j #ff J5f ^ it (acrylonitri le monomer) & & ¥ & 
#f 4. 4fr £ It ; & £t jLfcJttfcifcfcf&fitflllf 
( methacf y loni tr i le ) ; 

n ^,20-10000 4L *-*t • 

& It ft T ' Jl & ^ & 6§ & l&A ^ & £ ft 81 
(polycapro lactone) - 2£ J*3 81 (polyvalerolactone 
) * & Ti*3 6a (polybutyrolactone) * 3£ II fi& 
(polylactide ) A % & % % • 

& It ft f ' Jiit-^A^T^ 
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CH 3 
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CHa 



i — \^ - ■ ^ 

I 

_L ig *l & ft & & to t ' £ 61 & ft ( PpA ) # & f f- ^ 
i: (number average molecular we i ght ) Mn A 5 
x 10 2 -3x 10 s £ jfr ' & ft &10 3 -10 5 ; ^ ^ t # 
(Mw/Mn ; PDI ) A ft *1. 0 5-2 £ *■ • & ft # &1. 1-1. 5 • 

•■■J. & + ' * « i* JW A ft ( Bp ( B ). ) It 

* * # f Mn A *) A 1 0 3 - 3 x 1 0 5 £ £ » & ft *. 1 0 3 - 1 O 5 
is * 

jLj£4L&ft£fc##^-f#^# (Mw/Mn I PDI ) A #J 
4h *H.' 05 *»2 KT » & ft # £1.1-1. 5 • 

_t % ft M & ft & & #j #j t # 3" & -to T m 4. o 
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O R, 

II I 
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I I 



-C 
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CN 



& tX % i * . ^{ifid^I (CI ) & % (Br ) X # 

m & x is) ; r 1 - r 2 ' * r 3 n & * isj . ^ &h &ch 3 • 

* # B fl it a & & -f * ^ A * Si (polyester ) 

& • # * * fi§ *. *&0H & S. & % & -* & t £ & • a # & * 

fig (polyester ) ( I) ■ • _L it jt & SL M n A 

ft - i§ f # ^ & £ »M & nil « 

(pyridine * #| t *° it to *»2- & T St & 

( 2-Bromoi sobutyry 1 bromide ) * 2- &- I T i I 
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JL^IMJRM (8) 

(2-chloroisobutyry 1 chloride) - & & % -k> T & 4\M 
% & (IV) & 4b 4fc • £ * # 4b ^ ^ (V ) 6*1 i it to $ 

0 CHq 

II 1 

x-c-e-c, 

X 

( IV) 

O Ri 

II I 

X— -R 4 -0 C C R 2 

X 

( V) 

* t »X*A*'»R 4 A*fc*- % *' & v* *■ % # & * : 
■*£ ft *. * *fe ft & • 

fi-*#H. 4* £4fett#k6 ( « *» * # # 

6 * 1- * ^ ( ATRP ) ) * ^ & it • a f # f ^ -f 1 ^ 4 ft 

m * * * ■* "4fr( 1 1) • « & A Af* *» 60 £ % lb ^ 4b 
MX P • * + M *T *Fe- * Co * Ni * Cu * Rh * Ir yPd * Ft - Ru 
&Re$i&y$L&M ( pseudoha 1 ogen 

) ' m-k*— NCS — NCO v— SCN > — CN * — N 3 > — S0 4 > & 
6& H (carboxy late group ) & — N0 2 f • p % i& & £ $ ^ 
f t • * t i§ t I 4b > &MX P n WLtiL -f ^|«tb^U 
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z.*&*fim (9) . 

4 • IS ffi ^ t£ Bl $> 60 % & 4t & & t& & & frj *» £ $ Pit it & 
it 4fr ( triphenylphosphine ) A & -fcf 4. * 

2 - oft .z. £ & j# (2-pyridyl dipheny lphosphine ) A & 
ft Zl&K $ * % ¥k$t& to **PMDETA 
(pentamethy ldiethy lenetriamine ) % • M ¥k 4t & 4h SZ. 
44 & A i§ ft & 41 fc- VtoMXp * * tt JU 5.4 • tt & A m it 

#M! ( e thy lene carbonate ) * 6& ft 6a (propylene 
carbonate) - fit T #f 81 (butylene carbonate) - ~ 
(dimethyl formamide ; DMF ) » ^ fL & ft 6$ 
(hexafluoro isopropanol ) ^ ° 

ffl * a £ 60 £ £- 3" * ' *T ft £ & * J * SI - ft *fr J3f & 
lit # & & 60 ■ -f t r * SI & 4k 60 -f f - Ki^ltt 

A ffl ^ # * & £ #J * £ #4 » # © 1£ #1 * 4a & #J 
(compatibilizer ) - ^ It #] ( di spersant ) - M & # A 

** (aery 1 ic fiber ) 
(polyelectrolyte ) f i A.WHf • 

• -a * # ¥ * * a* # 
60 # ■ » . jL*r*--i<&3fc3fc##* & ( Tg ) ^ & * # & a 

JSL • a jtb M ffl * # * & * #J A £ *4 60 m # . # ^ a # 
(hot melt adhes-ive) y M #. # £ #| (pressure 
sensitive adhesive ) ' ° 

* # B £ ^ * SI - ft ft m & & & '* ' * ft J3S & 60 
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JL;#W^ (10) ^ 

(surfactant ) - *@ 2£ #J ( compat i bi 1 i zer ) - ^ It #J 
(dispersant ) £ • <H -to ft % ft & tft ■* U & ft & & $~ 

* -kP & m H & t * *t « ^ * ^ JW £ ^ 4fe & £ # #r # 

■**Hifrtt » a -at ♦ # « jMb f • 

3 # • * # -f f ^ # *b « & « •* * «r & it ft & % 

* ?<] ( sel f -assemble ) a 

« ^ & t # *4 *i * # a n # 4K & ■ * ffi i* ft A 4. t # *4 

* *» H 4fe & ft * • 

* « l 

Poly( e -caprolactone) ( ft *&PCL ) # & $. .: 




[(MMPEP) Al( M .-OBn)] 2 /H f 



po (yea pro lactone (PCL) 

#■2. 1 mL W £ - i ft S ( £ -caprolactone ) ( 20 
mmol ) -*»X40..161 & #J [ (MMPEP) A 1 ( /z-0Bn)] 2 (0. 10 
mmol ) 4l3 0 ml # f & fa t •' * & >t ^ # S ^ >i ^ t 
(53 °C ) jN id * #1 * & ' *» X i§ * ft S£ * (0.35 N 
) - « i i I ° a i It ^ ( n-heptane ) #L % iH ^ ^ 
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- ... t ...... . . 

(11) ^ 

* • 1 a £ ^ (hexane ) St *t S?C jRt 4fc & » - ! M 
& 0 It • £ #81% • £ 4&PCLtt*t* * Mr "*"Hn OH NMR 
) &10600 • PDI = 1. 08 • 

e, rt « ( pcl ) *.*&tt&4b&ift 

£0 °C T • 1 * a* « i»0. 05 « fr #2- ^Tlil 
( 2-Bromoi sobutyry 1 bromide) (0.4^^^) S£ $ *o /s. 

^1 & #PCL (0. 08 mmol • t S f ^i^-f f (Mn) 

= 10600 :PDIM. 08)^0. 0G* 
( tri ethyl amine » NEt 3 ) ( 0.0 44 mmol )'#5£fr##8fc 

^ H ¥ & ( d i chol or ome thane » CH 2 C1 2 ) t • & A 

ft*4fr*S*Tft#*&* ° MR JktiL (heptane » C 7 H 16 ) 

# SJHb # £ Jfc * *f 4 ' ii « f 5$ fit %L >t jfc ' m. % £ 
It ' #*]i**btt*#*b*£('lll)tt£4fc ' lb * £. 
f*3 fia ( brom i nated-capro 1 actone ) ° H NMR $J ' 9k 
7F M. & &10Q% lb • 

T BL M & % m * % 6 ft 61 & * 4b a m 4l -If ^ : 
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&s*mttm (12) 



BnO C (CH 2 ^ 0 



potycaproljctone (PCQ 



ii / 

Br C — C-^ 

I 

Br 



, CH 3 



W CH 3 



BnO- 



r o 

II 

C- 



1 o 



-(CH^s^O. 



1U 



CH 3 



01 



(III) 



1 ( aery loni tr i le 



t iH 3 

^ cL ft 6a ( capro 1 ac tone ) fa ft 
) 

. &8 & 6(H& Sfc *Mi (ethylene carbonate ) * 4 % & 
#1 y% it Sk m (Cu( I )Br ) (0. llmmol ) - 9 £ & «f % « 
Cbi pyridine ) (0.22 mmol ) * 1 & #j $ 4b & £ 1*3 fig E & 
-.46 #1 (Mn = 1 0 600 • PDI-1. 1 ) fa 5. 2 2 * *r #j ft Jf.jR *o jl ft 
jfe t 0 £i #1 *f ( f reeze-pump-thaw 

cycles ) > £100 °C T Jf'J *l * #2. 5 * Kfr ft • * % & 4 it # 
3p Its ° ^ 0 A ] o $ ff-DMF ft • a #. % XL & 'ft ft -f • it a 
THF ft & ft 'JtSftj* • ftGPC * « # *° . £ ^ 4fo ft * 
# (PDI ) ^rl. 3 ' £ & • PCL 4fe J$ * * * 

1 0600 • PAN & & 60 * ^1 ft * f £31 000 OHNMR) • ' 



ft 



T Sl M A # 'ffi n-> * ft « £ ft ^ 60 * & £ & ^ 




JL-fiMfltJCW (13) 
SL ^ ft ft : 



BnO- 



•C (CH^g- — 04— C- 



<IH> 



Br 



=8- 



CN 



jcryionftftle 



o o + CuBr * blpyridine 



N0O--C- (CH 2 )5_ 



PCL 



O CH 3 

II I 



J n 



CH 3 L 



C CH 2 — C Be 



CN 



PAN 



(IV) 



t «fe M 4 

£> ft 61 (caprolactone) 3£ ft #f It (acrylonitrile 
) & 

&8 & # 31 & 6 *MS (ethylene carbonate ) vl5.6 
*£ttSMt3£#! (Cu(I)Br) (O.llmmol) *34.£jt#J» 
otfc (bi pyridine ) (0. 22 mmol ) * 2 & # >lMb & 6 I*J 61 
E & #] (Mn=5 5 00 • 0.36 mmol • PD I = 1 . 1 ) **4 £ *r # ft 
(61. 2 mmol ) j&o £ & #L + • « taa # & # * 

# J& ( f reeze-pump-thaw cycles) • £ 1 0 0 °C T #J tft # 
5 >]> Bf & . ft & & it # «p M. £ A • .A.1'0 £ frDMF € • « 

# ft ft > -f ' ii WTHF >f * & ' * $ # « • ^GPC ftl 1* 

# *p . *^4fe^^*^# (PDI ) ^7 1.09 ». JL *3. 5 A • 
PCL ft lit tf) + % * 4 ^5500 » * ^ &D'P = 48 . PAN & «. #j 




O424-9117TWFl(Nl);O2910016;AMY.ptd 



* 18 I 



jl ♦ en) n _ 

k * t*65.76 CHNMR) % &DP = 1 23 Tg = -66 °C "m] 
107 °C (DSC ) • 

n. m & # w e & * #j & n *> x • $ & & # ^ a 

ifc £ ^ # B £ ' ***T»S*t&## • £ * %l m & # ^ ^ «t # 

n ® ^ . » t # ^ ^ n & & $ » mfo&&w*.&isi 
& m t & & m 4l t if # *i « s m * x % h %■ • 
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- I ■• - . • ............ 

— A-(B) m — 

& t ' 

O R2 

-ii 1 

¥ — c G— 

Ri 

& tY & WL * *, *&0H & M-& 51 & ft" : R, &R 2 * * * # 
*fc £ & ^ * JK Maminoalkyl) > ft*?'*, 

(alky lam i no) - #L & ^ H ^ 1$ > 

B & ft M ft ( aery loni tr i 1 e monomer) & f ^. 
*f £ & * ft ; 

m 4^20-10000 4l £ *t • 

2. 4° t n -i- ** la ffi $ 1 mm & * « #* n -a & * 
& ' & t n %. m 4k ftY & % z> n m > & & n m * %.t n 

m > £ IL at ( po 1 y 1 ac t i de ) ■ # & & & 4fc & ft • 

3. *o f If 4M'J fe, ® » 1 * m it ^ '* ft J» A ft & * 
$J ' &fB%,¥&ft>tf>M%-%l (methacry loni tr i le 
monomer ) 0 

4. *» t # . #j ft n n 1 * m it ^ * ft n m & ft * '* 

% » * + A * * 
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5. ■> t ft * *J ft si *i * m * * ft ■* it-* & # * 

* • * *A *t * + J* -f f Mn ^ *M0 3 ^10 5 ^ Fal . (B) B ft 
$Sl f -f- ^ ^ f Mn -fr ^10 3 #*3 x 10 5 4l ffi • 

6. * t *l ft IB *l*/9rife*-fcft**P4fe&#* 
^ ' * t A #> ^ t # (PDI ) ^> *M. 0 5 jfo2. 0 fal ° 

#> • & t A $ -f i ^ # (PDI ) 4h*H.05*>1.5*.fi] 0 
8. *> f ft -I- *«J la 'B *1 * m * -4l .* ft 5t & & * * 
^7 • * t IS * ft J» * «. * * 4& ft ^ i . ^ (PDI) 4h 
*M. 1 jfo2. 0 4L W. • 

4fe ' * t tk * ft # IB & & * '* 4to -f * # ( PD I ) it 
*H . 1 *» 1 . 5 H • 

10, *o t H * *'] ft n * 1 * *fr & ^ * ft J* At A ■« * * 
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CHj 


L R CNJ 
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& tR 1 % R 2 - R 3 -T ft n ■ * * I s ) » £H ^CH 3 • 

11. - « * f If # *'J ft fl * 1 * * » # If * «. * * 4ftr 

m It A ^ # * #1 - * « # *t #1 ■ ' * * #J * y ^ ft #1 • 

1 2. -fcfc\fi:fti^ik#t*fc4frtt&fc » t£ % ft $ M & 
«#3fc4fetta*-f&* — A-(B) m . & t » A A * ft & ft. 

(polyester block) > B J| f5 H (acrylonitrile 

monomer ) & & %L 3k ft £ 46' : 

^£ Sljfc^&i 4b ; a & 

a & g & 4 * ^ & J*t*E*##l*-fc.***ll*ft 4 

» # if 4* 4 «7 # # ft ■ • 

13. *pttt'*«fc.B*12*/tfa£4L**#|f**#* 



O CH 3 

R-(- C (CHj), ' 0-|— C — C CH 3 

X 



(I) 

1 4. *> f tfr *.#J ft |fi $1 2 # m ifc"*. fci5;J#flff&-&£:& 
& # 4Mb ^ $j & ^ & ' # & M *» T £ 4b * ^ i 




4b #y El M • 

0 CHj 

II \ 
X^-rC— C CHj 

X 

1 5. t tf # *jj ft ® % 1 2 m 'A % ft n M & & & %. 

4fc # t & • * t fl ^ & ft E .*& ife « -tt # 4ft 4b 4fe * 
& i& oft (pyridine) • 

$7 # t & • & t i* * Sa & * 6 f*9 51 * * * ft 81 - T 
fia % %%$L (polylact ide ) & & & & to • 

17. to t .* * *J ft SI #12 n. m 54 % If A & 

4fc HI & ' * t ttE*fe«.Wlt^* # * J» * 61 & ft 
■ * * 4ft 4b ^ #r % ^ >$• #J & ' #H^^^T^4b#^^^ 
4b 4^ & i$ > 

O Ri 
II I 

X— R A -0 C C R 2 

I 

X 

& t > X lb i i£: * R 4 & ' jfc & - ^ * It- # & - # % & * ' ■ 
& ft & ; #1 & 2r £ 0 

18. 4* t ffr # ft ft HI gU*#&:^£ft;N|r|Rft&&& 
4fr t * ' * t 4* a -f # # 6 ( ATRP ) /If t£ E 
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1 9. ■■.*» t # * *»] & ® # 1 2 % ft % %. ft t$ m & & & & 

(methacry loni tri le ) • 

20. 4» t It * #f ft fl $ 1 2 ^ Af & ^ * « $ W & « * * 

$7 #J t & • * t tt * -§| * »-«f *'4fr *t * -f- ^ 

^ f (Mn ) ^ *H0 3 frZ x iO 5 4l m " 
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